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(57) ABSTRACT 
A cathode ray display tube is provided with a contrast 
enhancement panel which is optically coupled to the 
tube faceplate. The contrast enhancement panel has a 
viewing surface which is spherical and concave with 
respect to a viewer. 

2 Claims, 2 Drawing Figures 
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CATHODE RAY DISPLAY TUBE WITH 
CONTRAST ENHANCEMENT PANEL 
BACKGROUND OF THE INVENTION 5 

The present invention relates to the field of cathode 
ray display tubes, such as are used in high ambient light 
ing areas, such as for aircraft cockpit displays. In such 
applications it is critical to optimize the display contrast 
by minimizing glare and light reflections which impair 
the viewer's readability. 

It has long been the practice to use clear glass and 
increase the signal brightness to higher luminance levels 
than the reflected light. More recently it has become the 
practice to use low light transmissivity faceplate glass in 
such tubes to reduce the reflection of exterior light from 
the interior surface of the faceplate, and from the phos 
phor disposed on the faceplate interior surface. Incident 
light is effectively absorbed by the low light transmis 
sivity faceplate glass. Anti-reflective coatings have also 20 
been used on the faceplate exterior surface to reduce 
reflected incident light which lowers contrast. Circular 
polarizers have also been used with the tube faceplate to 
reduce specular reflections from the faceplate interior 
surface. 25 
The conventional cathode ray display tube typically 

has an exterior surface which is planar or convex with 
respect to the viewer. With a planar or convex face 
plate, objects in front of the faceplate which emit or 
reflect light cause specular reflections which can result 30 
in disturbing glare for the viewer and loss of contrast 
for the display. 

In the typical high ambient light level applications, 
such as aircraft cockpit use, the viewer is typically in a 
fixed position relatively close to the tube faceplate. 35 

SUMMARY OF THE INVENTION 

A cathode ray display tube is provided with a con 
trast enhancement panel optically coupled to the tube 
faceplate. The contrast enhancement panel has a view- 40 
ing surface which is spherical and concave with respect 
to a viewer. The radius of curvature of the panel spheri 
cal concave surface is made approximately equal to a 
predetermined viewer distance. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational view partly in section of 
an exemplary embodiment of the cathode ray display 
tube of the present invention. 

FIG. 2 is another embodiment of the present inven- 50 
tion in which a circular polarizer is disposed between 
the tube faceplate and the contrast enhancement panel. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A cathode ray display tube 10 includes a neck portion 
12 within which is sealed an electron gun, not shown, a 
funnel portion 14, and a faceplate portion 16. A display 
phosphor layer 18 is provided on the interior surface of 
the faceplate portion 16. The phosphor layer is selec- 60 
tively made to luminesce by an electron beam from the 
electron gun, not shown, disposed in the neck portion to 
produce an information display, 
A contrast enhancement panel 20 is optically coupled 

to the faceplate exterior surface 22 using a clear resin 23 65 
which mates and optically couples the panel 20 to the 
faceplate exterior surface 22. In this embodiment the 
faceplate exterior surface 22 is planar. The exterior 
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viewing surface 26 of the panel 20 has a spherical con 
cave surface with respect to an external viewer. 

In the embodiment shown, forming tape 24 is periph 
erally disposed about the faceplate perimeter. The tape 
24 is used during assembly to hold the enhancement 
panel 20 in place spaced from the faceplate while the 
resin is poured in place between these members where it 
hardens to optically couple and structurally support the 
panel 20 from the faceplate 16. 
The contrast enhancement panel 20 is most easily 

formed of a uniform thickness glass plate which is 
formed with the desired spherical cast to provide the 
spherical concave viewing surface 26. The glass panel is 
typically about 0.1875 inch thick. The hardened resin is 
thicker at the faceplate perimeter to mate with the 
spherical panel 20, with the resin being about 0.125 inch 
thick at the faceplate center and thicker at the faceplate 
perimeter. 
A clear resin which can be used is styrene, vinyl 

toluene, or acrylate monomers, with a typical hardener 
being methyl ethyl keytone peroxide in dimethyl 
phthalate. 
The external viewer is represented by point 28 and is 

a predetermined distance from the viewing surface 26. 
The radius of curvature of the spherical concave view 
ing surface 26 is made approximately equal to the 
viewer distance from the surface 26. By way of exam 
ple, for a 5.25 inch diameter cathode ray display tube 
faceplate the radius of curvature of the spherical con 
cave viewing surface was about twenty-two inches 
which corresponds to the spacing between an aircraft 
pilot viewer and the viewing surface in a particular 
application. 
The contrast enhancement panel 20 is preferably low 

light transmissivity glass, and is preferably selected to 
make the overall transmission of the system about 10 to 
15 percent. The clear resin 23 which mates and optically 
couples the panel to the tube faceplate is selected to 
have an index of refraction which closely matches that 
for the panel and the faceplate to eliminate any distor 
tion or reflection. 

In the embodiment of FIG. 2, the display tube struc 
ture is the same as in FIG. 1, but a circular polarizer 30 
is provided between the faceplate exterior surface 26 
and the contrast enhancement panel 20 to further in 
prove the contrast of the system by minimizing specular 
reflections from the inside surface of the table faceplate. 
When using a circular polarizer a higher transmissivity 
panel 20 should be employed, with the total system 
transmissivity being about 10-15 percent. A first clear 
resin layer 23a is provided between the faceplate and 
the circular polarizer, and a second clear resin layer 23b 
is provided between the circular polarizer 30 and the 
contrast enhancement panel 20. An anti-reflective coat 
ing can also be applied to the spherical concave viewing 
surface of the panel to further optimize its contrast 
capability. 
What is claimed is: 
1. A cathode ray display tube having a display face 

plate with a luminescent material disposed on the inte 
rior tube side of a light transmissive faceplate, the im 
provement wherein a limited light transmissive contrast 
enhancement panel is optically coupled to and mounted 
directly on a light transmissive clear resin layer dis 
posed on the exterior surface of the faceplate, which 
resin layer closely matches the index of refraction of the 
faceplate, and which contrast enhancement panel has a 
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viewing surface which is spherical and concave with 
respect to a viewer, with the radius of curvature of the & 
spherical viewing surface approximately equal to a transmissivity, and a circular polarizer is provided be 
predetermined viewer distance, and wherein the overal tween the cathode ray tube faceplate exterior surface light transmissivity of the faceplate, resin layer and 5 d th h 
contrast enhancement panel is about 10-15 percent. and the contrast enhancement panel. 

2. The display tube set forth in claim 1, wherein the 

contrast enhancement panel has a relatively low light 
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